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Kakapo 

Felix

The Department of Conservation 
(DOC) has been managing the last 50 
or so kakapos.  Thirteen chicks were 
produced between 1992 and 1998.  

Genetic analysis revealed that over half 
of the 13 chicks were fathered by a 
single male (Felix) and 18 males did 
not father ANY chicks at all!
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(Data from Bruce Robertson.)

18 males with no chicks!

Therefore, genetic variation is being 
lost in kakapo much faster than would 
be predicted for a population of 50 
birds because of the reproductive 
success of some males.

What should be done?

Should Felix be voted off of the island?
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Assumptions of Hardy-Weinberg model
1. Random mating.

2. No mutation.

3. Large (infinite) population size.

4. No differential survival or reproduction 
(i.e., no natural selection).

5. No immigration

NATURAL SELECTION – the short-form

(1) Variation exists.

(2) Inheritance of variation.

(3) Differential survival or reproductive 
success.

OUTCOME: Those alleles associated with 
greater survival or reproductive success will 
increase in frequency the next generation.

survived
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Genotype frequencies at birth

Genotype frequencies in adults

Frequencies of matings

Genotype frequencies at birth

Generation t

Generation t + 1

Differential 
survival

Differential 
fertility

Directional Selection for A1 allele

A1A1    A1A2    A2A2

Dominant   1.00    1.00 0.50
Intermed 1.00    0.75 0.50      
Recessive       1.00  0.50 0.50

Heterozygous advantage

(overdominance)

< >

36 hours at 27C

Kuru is a prion disease transmitted during cannibalistic 
feasts in people of the Fore linguistic group of the 
Papua New Guinea Highlands. Genotypes at a prion
protein gene (PRNP) confer resistance to prion
diseases. Strong natural selection has eliminated 
homozygous genotypes in female survivors of the kuru
epidemic who had multiple exposures at mortuary 
feasts.

MM        MV       VV

Unexposed women                      31         72        37

Exposed women (>50 years)        4          23          3

Relative survival                      0.40       1.00     0.25

Selection at a prion protein gene (PRNP) 
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Frequency-dependent Selection

Fitness sometimes varies as a function of allele 
frequencies.  That is, the fitness of a particular 
genotype changes as its frequency in the 
population changes.  Frequency-dependent 
selection will maintain genetic variation 
whenever a rare allele has a selective advantage.

Frequency-dependent Selection 

Rare male mating advantage.  

Predator avoidance. Rare phenotypes are often less 
preyed upon and, thus, have greater fitness.

Disease resistance. Pathogens are selected to be 
most effective against the common types in their 
host population.  Thus, rare host genotypes tend to 
be more resistant to a variety of pathogens.

Ecological competition.  Different genotypes 
sometimes use different resources. Rare genotypes 
that different resources will have an advantage.

Self-incompatibility locus in plants

Frequency-dependent selection will act to maintain 
genetic variation if rare genotypes have a selective 
advantage.

The last Illinois population of the lakeside daisy 
was effectively extinct even though it consisted 
of approximately 30 individuals because all 
plants apparently belonged to the same mating 
type (Demauro 1993).

PNAS 98: 6253-6255 
(2001)
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Science 260: 216-219.  1993.

Natural selection in small populations

Natural selection vs. genetic drift

Natural selection is not effective in small 
populations because random changes caused by 
drift can swamp effects of differential fitness. 

Approximate rule-of-thumb:

If   Nes < 1 then drift “wins”.

Local 
adaptation

Globe gilia

Local 
adaptation
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How important are local adaptations 
for restoration?

For example, can extirpated 
populations be reestablished?

Sockeye salmon

Sockeye salmon life history

Upper Adams River 
sockeye salmon 
(~6,000,000 per year)

Logging dam

(1908-1921)
Weins, J. A. 1977. On competition and variable 
environments. American Scientist 65:591-597.

Episodic selection: local adaptations 
essential during periodic episodes of 
extreme environmental conditions (e.g., 
winter storms, drought, or fire).

Cherry 
orchard

After 
severe 
winter 
storm

Deadhorse Creek 

Before fire After fire
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